
APE 2 0 1994

NOTE TO: Joseph Holonich, Chief
HLW and Uranium Recovery Projects Branch

THRU: David Brooks, Section Leader
Hydrologic Transport Section

THRU: Norman Eisenberg, Section Leader v p l
Performance Assessment & Health Physics Section

FROM: Margaret Federline, Chief
Performance Assessment & Hydrology Branch

SUBJECT: PERFORMANCE ASSESSMENT & HYDROLOGY BRANCH PROPOSED HIGH
LEVEL WASTE TECHNICAL EXCHANGE

Our proposal for a technical exchange on "Selected Research
Relevant to Characterization of the Yucca Mountain Hydrogeologic
System", along with additional background information is
attached. This technical exchange was originally scheduled to
take place in early FY 1994. However, it was canceled at the
request DOE. Therefore, we would like to reschedule this
technical exchange for sometime in the remaining months of
FY 1994 (July to September).

Please note that we are supplying our request for a technical
exchange on Selected Research Relevant to Characterization of the
Yucca Mountain Hydrogeologic System in the accustomed format.
However, this format references additional attachments that we
think are very important to include in the transmittal to the
DOE. During meetings to prepare for the previously scheduled
hydrology technical exchange; it became apparent that the DOE did
not understand the NRC's request. The additional background
materials (attached) have been prepared to help the DOE
understand why the NRC staff wants to hold a technical exchange
on this topic. Should you have any questions on this proposed
technical exchange, please contact William Ford at 504-2506.

We would also like to schedule a technical exchange on.
Groundwater Travel Time in early FY 1995 (November). Our
description of this proposed technical exchange is attached.
Should you have any questions on this proposed technical
exchange, please contact Jeffrey Pohle at 504-2545.
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Note to: J Holonich 4/20/94
Not to 3.Hlnc /09

A technical exchange on "Total System Performance Assessment
(TSPA)" is scheduled for June 20-21, 1994. Although we
identified a number of topics in our review of DOE'S TSPA, which
would benefit from a technical exchange, we prefer to wait until
after the June meeting to determine the specific subject of the
next PA technical exchange. We will propose an exchange for the
next scheduling period.

Margaret derline, Chief
Performance Assessment & Hydrology Branch

Enclosure: As Stated

CC:
PAHB R/F R. Carlson, HLUR R. Johnson, HLUR
J. Pohle, PAHB N. Coleman, PAHB W. Ford, PAHB
J. Buckley, PAHB TW P rJ



Topic: "SELECTED RESEARCH RELEVANT TO CHARACTERIZATION OF
THE YUCCA MOUNTAIN HYDROGEOLOGIC SYSTEM"

Objective: To discuss selected research relevant to
characterization of the Yucca Mountain
hydrogeologic system (see attachment on proposed
technical exchange on this title). The technical
exchange should focus on the following four
questions:

1. What are the strategies for investigating the
importance of hydrologic processes that
directly relate to Yucca Mountain performance?
{Cite the specific processes, and strategies
for investigating them)

2. What experiments are planned to test the
conceptual models [e.g., continuum (single or
dual), discrete fracture network, or
stochastic approaches] of partially saturated
flow in heterogeneous, layered fractured rock
units? What are the strategies for exercising
them against either laboratory or field
experiments? It's equally important to
discuss the relationship of these experiments
to the site. However, this technical exchange
does not deal with this issue, but may be the
subject of a future technical exchange.

3. What techniques are being developed to obtain
hydrologic parameters describing flow in
fractures as a function of water content,
fracture porosity, or movement between the
fractures and the matrix?

4. What prototype testing work is being conducted
to support hydrologic tests in the Exploratory
Studies Facility? (Cite specific tests)

Scope: The NRC staff would like a conceptual discussion by
DOE investigators of their research. The NRC staff
is not interested, at this time, in detailed
technical descriptions (e.g., instrument
calibration or the mathematics of how specific
codes will be developed or modified). Rather, the
NRC staff wishes to focus on information that
provides both the strategies and technical
rationales (e.g., experimental design, progress,



and how they are planned to be used by a specific
study plan as an aide to site characterization, and
performance assessment).

The attachment titled "NRC Hydrologic Research
Questions Relative to the Characterization of Yucca
Mountain", provides additional detailed information
and background on the questions relevant to this
proposed technical exchange. While, the NRC staff
is not aware of all the investigators which may be
doing work relevant to these questions; we propose
the following list of investigators as a beginning.

o Gary LaCain (USGS) who is developing pneumatic
techniques to obtain unsaturated bulk fracture
and matrix water flow parameters from air
tests.

o James Conca, (Wash. State Univ., contractor to
Los Alamos) who has been experimenting with
open centrifugation techniques as a way of
confirming the capillary bundle theory of
unsaturated fracture and matrix flow.

o Ed Kwickless (USGS) who is modeling isotopic
and moisture data from near surface drill
holes and block experiments to confirm
conceptual models of unsaturated flow through
fractured rock and at Yucca Mountain.

o Robert Glass (SNL) who is studying small-scale
behavior of single gravity-driven fingers in
initially dry fracture and modeling
gravity-driven fingering in rough-walled
fractures using modified percolation theory.

o S. D. Foltz (SNL) who is conducting
experimental investigations of fracture-matrix
interaction with comparison to numerical
simulation.

Date: FY 1994 (July to September)

Location: Washington D.C.
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Topic: "GROUNDWATER TRAVEL TIME"

Objective: To discuss technical issues related to site
characterization and the assessment of groundwater
travel time.

scope: This technical exchange will focus on discussing
site characterization issues related to the
determination of groundwater travel time and
approaches to calculating and modeling groundwater
travel time. The discussion should include
10 CFR 960 as well as 10 CFR 60.

Date: FY 1995 (November, 1994)

Location: Washington D.C.
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PROPOSED TECHNICAL EXCHANGE ON
"SELECTED RESEARCH RELEVANT TO CHARACTERIZATION

OF THE YUCCA MOUNTAIN HYDROGEOLOGIC SYSTEM"

The NRC staff proposes a technical exchange to be held in
Washington D.C. on selected research relevant to characterization
of the Yucca Mountain hydrogeologic system. The technical exchange
should focus on the following four questions:

1. What are the strategies for investigating the importance
of hydrologic processes that directly relate to Yucca
Mountain performance? (Cite the specific processes, and
strategies for investigating them)

2. What experiments are planned to test the conceptual
models [e.g., continuum (single or dual), discrete
fracture network, or stochastic approaches] of partially
saturated flow in heterogeneous, layered fractured rock
units? What are the strategies for exercising them
against either laboratory or field experiments? It's
equally important to discuss the relationship of these
experiments to the site. However, this technical
exchange does not deal with this issue, but may be the
subject of a future technical exchange.

3. What techniques are being developed to obtain hydrologic
parameters describing flow in fractures as a function of
water content, fracture porosity, or movement between the
fractures and the matrix?

4. What prototype testing work is being conducted to support
hydrologic tests in the Exploratory Studies Facility?
(Cite specific tests)

In order to adequately characterize the hydrology of the Yucca
Mountain site, DOE studies (study plans) are currently being
supported by DOE research. The study of ground-water flow through
unsaturated fractured rock is a relatively new area of study.
Therefore, research is needed to establish the technical basis for
obtaining unsaturated fractured rock hydrologic parameters. The
NRC staff have questions and concerns relative to this research.
However, hydrology study plans reviewed by the NRC staff to date,
have not described supporting research, nor have published reports
completely described ongoing research. As a result, the staff has
questions about the ability of those activities, which are
dependent on obtaining information from research or prototype
testing, to achieve their characterization and performance
assessment goals.

In order to better describe our concerns, the NRC staff has
developed the above four questions. In answering these questions,
the NRC staff would like a conceptual discussion by DOE



investigators of their research. The NRC staff is not interested,
.at this time, in detailed technical descriptions (e.g., instrument
calibration or the mathematics of how specific codes will be
developed or modified). Rather, the NRC staff wishes to focus on
information that provides both the strategies and technical
rationales (e.g., experimental design, progress, and how they are
planned to be used by a specific study plan as an aide to site
characterization, and performance assessment).

The attachment titled "NRC Hydrologic Research Questions Relative
to the Characterization of Yucca Mountain", provides additional
detailed information and background on the questions relevant to
this proposed technical exchange. While, the NRC staff is not
aware of all the investigators which may be doing work relevant to
these questions; we propose the following list of investigators as
a beginning.

o Gary LaCain (USGS) who is developing pneumatic techniques to
obtain unsaturated bulk fracture and matrix water flow
parameters from air tests.

o James Conca, (Wash. State Univ., contractor to Los Alamos) who
has been experimenting with open centrifugation techniques as
a way of confirming the capillary bundle theory of unsaturated
fracture and matrix flow.

o Ed Kwickless (USGS) who is modeling isotopic and moisture data
from near surface drill holes and block experiments to confirm
conceptual models of unsaturated flow through fractured rock
and at Yucca Mountain.

o Robert Glass (SNL) who is studying small-scale behavior of
single gravity-driven fingers in initially dry fracture and
modeling gravity-driven fingering in rough-walled fractures
using modified percolation theory.

o S. D. Foltz (SNL) who is conducting experimental
investigations of fracture-matrix interaction with comparison
to numerical simulation.
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NRC HYDROLOGIC RESEARCH QUESTIONS RELATIVE TO THE
CHARACTERIZATION OF YUCCA MOUNTAIN

INTRODUCTION

In order to adequately characterize the hydrology of the Yucca
Mountain site, DOE studies (study plans) are currently being
supported by DOE research. The study of ground-water flow through
unsaturated fractured rock is a relatively new area of study.
Therefore, research is needed to establish the technical basis for
obtaining unsaturated fractured rock hydrologic parameters. The
NRC staff have questions and concerns relative to this research.
However, hydrology study plans reviewed by the NRC staff to date,
have not described supporting research, nor have published reports
completely described ongoing research. As a result, the staff has
questions about the ability of those activities, which are
dependent on obtaining information from research or prototype
testing, to achieve their characterization and performance
assessment goals.

In order to better describe our concerns, the NRC has developed
four questions. In answering these questions, the NRC staff would
like a conceptual discussion by DOE investigators of their
research. The NRC staff is not interested, at this time, in
detailed technical descriptions (e.g., instrument calibration or
the mathematics of how specific codes will be developed or
modified). Rather, the NRC staff wishes to focus on information
that provides both the strategies and technical rationales (e.g.,
experimental design, progress, and how they are planned to be used
by a specific study plan as an aide to site characterization, and
performance assessment).

QUESTION 

What are the strategies for investigating the importance of
hydrologic processes that directly relate to Yucca Mountain
performance? {Cite the specific processes, and strategies for
investigating them)

In modeling Yucca Mountain, not all processes will be modeled. All
models are simplifications of the processes they are modeling.
Therefore, decisions will be reached on what processes are
significant enough to be included and what are not. If site
characterization is successful, data will not be collected to
determine parameters that are obviously not relevant. However, for
those parameters whose relevancy is not immediately apparent, site
characterization activities should collect enough data to determine
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their degree of relevancy. The identification of processes is an
important first step in making these determinations. From reviews
of the Site Characterization Plan Progress Reports, the NRC staff
has the impression, that studies are being conducted to identify
processes and their relevance to Yucca Mountain (e.g., Nichol, et
al, 1993, "Small-Scale Behavior of Single Gravity-driven Fingers in
Initially Dry Fracture", Glass, 1993, "Modeling Gravity-Driven
Fingering in Rough-Walled Fractures Using Modified Percolation
Theory", or Foltz, et al, 1992 "Experimental Investigation of
Fracture-Matrix Interaction with Comparison to Numerical
Simulation"). The staff would like to be aware of what processes
are being investigated and the plans to determine their importance
to Yucca Mountain performance.

QUESTION 2

What experiments are planned to test the conceptual models [e.g.,
continuum (single or dual), discrete fracture network, or
stochastic approaches] of partially saturated flow in
heterogeneous, layered fractured rock units? What are the
strategies for exercising them against either laboratory or field
experiments? It's equally important to discuss the relationship of
these experiments to the site. However, this technical exchange
does not deal with this issue, but may be the subject of a future
technical exchange.

The staff is also concerned about testing the basic concepts of
hydrologic flow that would be applied to Yucca Mountain.
Demonstrating that the basic concepts of hydrologic flow are
adequately known, will not only be important at the time of a
license application, but is also important to site characterization
activities. If site characterization activities use inappropriate
concepts of hydrologic flow, the proper hydrologic parameters may
not be adequately determined.

For example, concepts of ground water flow in unsaturated fractured
rock have evolved from theories of unsaturated ground water flow
through soil. In the Site Characterization Plan (U.S. DOE, 1988),
the conceptualization of unsaturated flow in a fractured-porous
medium is "based on capillary bundle theory (e.g., Wang and
Narasinhan, 1985). This theory states that there is a relationship
between pore size and equilibrium pressure head. To summarize this
concept, Klavetter states (1986, p. 15): "the average fracture
conductivity for water movement in the plane of the fracture is a
highly nonlinear function of fracture saturation or pressure head.
If the flux is less than the saturated conductivity of the matrix,
then the water will tend to flow only in the matrix as it moves
downward. If the flux is greater than the saturated conductivity
of the matrix, then the matrix will saturate, and the fractures
will carry water also".
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To date, the staff has only been able to identify a few experiments
concerned with testing the concepts of unsaturated flow in
fractured rock. Furthermore, to the staff's knowledge, neither the
continuum (single or dual), discrete fracture network, nor the
stochastic approaches to modeling ground water flow through
unsaturated fractured rock have been verified with either
laboratory or field experiments. This means that most of the
unsaturated zone modeling approaches, that might be used on Yucca
Mountain, have not yet been tested against experimental data.

QUESTION 3

What techniques are being developed to obtain hydrologic parameters
describing flow in fractures as a function of water content,
fracture porosity, or movement between the fractures and the
matrix?

Models of ground water flow through Yucca Mountain will be
dependent on site characterization activities to provide
information, which can be used to derive hydrologic parameters
needed by the models. Therefore, successful site characterization
will be dependent on the development of techniques to both gather
data and to derive hydrologic parameters from the data. The NRC
staff is concerned that techniques have not been developed to
obtain some important hydrologic parameters. In particular the
staff is concerned that site characterization activities may be
deficient in supplying parameters which describe the hydrologic
properties of the fractures in the unsaturated zone.

Determining, under what conditions fracture flow could occur and
the direction and rate of flow, will be important for calculating
the anticipated performance of Yucca Mountain. However, the NRC
staff is not aware of any techniques to obtain hydrologic
parameters that describe the resistance to flow (hydraulic
conductivity) through a fracture as a function of water content,
fracture porosity, or how water moves between the fractures and the
matrix (in a porous equivalent code this would be equivalent to the
characteristic curves, fracture porosity, and resistance to flow
between the fracture and matrix).

The staff recognizes that many models of Yucca Mountain will
probably not model single fractures, but will use parameters that
represent the hydrologic properties of large numbers of fractures.
This is because, using computer models to explicitly model
individual fractures at the scale of Yucca Mountain at this time
may not be possible or necessary. To further illustrate this
concern; in the Yucca Mountain Site Characterization Plan (U.S.
DOE, 1988, p. 3-173), it is stated that "no way is known to
generate a complete set of fracture location and geometry data.
Further, if the Topopah Spring welded unit has a mean fracture
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density of 20 fractures/m3 and has a mean thickness of 300 m over
,the approximately 7 x 106 m2 area of the central Yucca Mountain
block, then one would have to consider flow in approximately 4 x
1010 discrete fractures". This amount of detail would be too large
to model at this time.

This implies that codes which use parameters representing the
combined properties of many fractures may have to be used to model
Yucca Mountain. However, again the NRC staff is not aware of any
techniques to determine for large numbers of fractures, hydrologic
parameters that describe the resistance to flow (hydraulic
conductivity) as a function of water content, porosity, or how
water moves between the fractures and the matrix. In single
continuum porous equivalent codes, this would be equivalent to the
combined hydraulic conductibity characteristic curves of fractures
and matrix and the combined porosities of fractures and matrix.
For dual continuum porous equivalent codes this would be equivalent
to the characteristic curves representing the fractures, porosities
of the fractures, and a transfer term representing resistance to
flow between fractures and matrix.

The staff recognizes that other modeling approaches than those
mentioned above may be used to model unsaturated flow through Yucca
Mountain. However, whatever the modeling approach, the ability
derive the fracture hydrologic parameters will be key to
determining flow direction, flow magnitude, and when fracture flow
is initiated.

QUESTION 4

What prototype testing work is being conducted to support
hydrologic tests in the Exploratory Studies Facility? (Cite
specific tests)

Some of hydrologic tests in the Exploratory Studies Facility will
be using unique testing approaches. For example it is stated in
Study Plan 8.3.1.2.2.4, "Characterization of the Yucca Mountain
Unsaturated Zone in the Exploratory Studies Facility, Rev. 1 (page
2.1-10): "because of the nonstandard nature of some of the tests,
the possibility that one or more tests may fail in achieving the
desired objectives is recognized." It is also stated that "certain
hydrology tests (bulk permeability, percolation, and excavation
effects) have never been performed at the proposed scales.
Similarly, many of the proposed testing methods have never been
applied to unsaturated, densely welded, fractured tuffs, such as
the Topopah Spring welded unit at Yucca Mountain" (page 2.2-1). The
staff also recognizes in the study plan it is also stated, "the use
of multiple approaches for determining parameters increases
confidence that the failure or the partial failure of one or more
tests will not severely inhibit the ability of the characterization
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activities in providing the information required" (page 2.1-10).
However, given the potential failure of these tests and the unique
testing approaches, the NRC staff is interested in hearing a
summary of the prototype testing work relevant to these tests and
how it will be used to improve the chances for testing success.
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